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(57) ABSTRACT

Intersection guide systems, methods, and programs acquire
a degree of approach of a vehicle to an intersection ahead of
a vehicle and display a guide image at a position of the
intersection superimposed on a forward scene ahead of the
vehicle. The systems, methods, and programs set, as a
position of superimposition of the guide image, an intersec-
tion position within the forward scene when the degree of
approach is less than a threshold. The intersection position
corresponds to a registered position registered in map infor-
mation as the position of the intersection. The systems,
methods, and programs set, as the position of superimposi-
tion, a straight-line position within the forward scene when
the degree of approach is equal to or more than the threshold.
The straight-line position corresponds to a position on a
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INTERSECTION GUIDE SYSTEM, METHOD,
AND PROGRAM

TECHNICAL FIELD

Related technical fields include intersection guide sys-
tems, methods, and programs that provide guidance on the
position of an intersection.

BACKGROUND

Hitherto, there has been known a technology in which a
forward scenery image is captured using a video camera
installed on a vehicle to show the scenery image on a screen
of a display device (see Japanese Patent Application Publi-
cation No. 7-63572 (IP 7-63572 A)). In JP 7-63572 A, the
location of a guide target intersection on the scenery image
is specified on the basis of an intersection node stored in map
data, and an arrow figure is synthesized at the specified
location. This makes it possible to visually recognize the
position of the guide target intersection on the basis of the
position at which the arrow figure is shown on the scenery
image.

SUMMARY

When the vehicle approaches the guide target intersection
to some degree, however, a driver drives the vehicle toward
a specific position within the guide target intersection after
clearly visually recognizing the guide target intersection in
the real scene or the scenery image. For example, in the case
where it is desired to make a right turn at the guide target
intersection, the vehicle is driven toward the position at
which a right-turn lane is connected to the guide target
intersection. In such a situation, if an arrow figure is syn-
thesized at the location of the guide target intersection on the
scenery image, which is specified on the basis of the
intersection node stored in the map data, as described in JP
7-63572 A, a sense of discomfort may be had. That is, if
there is a difference between the position of the intersection
node stored in the map data and the position within the guide
target intersection toward which the driver is heading after
clearly visually recognizing the guide target intersection, the
driver may have a sense of discomfort as if he/she is guided
to a position that is not intended by the driver as the position
of the guide target intersection.

Exemplary embodiments of the broad inventive principles
described herein provide a technology for providing guid-
ance on the position of an intersection without giving a sense
of discomfort even in the case where a vehicle approaches
the intersection.

According to exemplary embodiments, degree-of-ap-
proach acquisition means acquires a degree of approach of
a vehicle to an intersection that is present ahead of the
vehicle. Display control means causes a display section to
display a guide image that provides guidance on a position
of the intersection as superimposed on a forward scene
ahead of the vehicle. The display control means sets, as a
position of superimposition of the guide image, a position
within the forward scene which corresponds to a registered
position registered in map information, as the position of the
intersection in the case where the degree of approach is less
than a threshold. On the other hand, the display control
means sets, as the position of superimposition of the guide
image, a position within the forward scene, which corre-
sponds to a position on a straight-ahead line that is a straight
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line extending in a travel direction of the vehicle from the
vehicle, in the case where the degree of approach is equal to
or more than the threshold.

Here, as the degree of approach to an intersection
becomes larger, a driver can more clearly visually recognize
an image of the intersection in the forward scene. Thus, it
can be estimated that in the case where the degree of
approach to the intersection is equal to or more than the
threshold, the driver decides the target position as the target
to be reached when entering the intersection on the basis of
the clearly visually recognized image of the intersection, and
drives the vehicle toward the target position. That is, it can
be estimated that in the case where the degree of approach
to the intersection is equal to or more than the threshold, the
driver has already determined the course of the vehicle such
that the target position is present in the travel direction of the
vehicle. In this way, when the target position is present in the
travel direction of the vehicle, the display control means
acquires a position within the forward scene, which corre-
sponds to a position on the straight-ahead line extending in
the travel direction of the vehicle from the vehicle, and sets
the acquired position as the position of superimposition of
the guide image. In this way, by superimposing the guide
image on a position on the straight-ahead line, it is possible
to provide guidance on traveling toward the target position
that is present in the travel direction of the vehicle. Thus, it
is possible to prevent giving a sense of discomfort even in
the case where the vehicle approaches an intersection and
the driver has already decided the target position within the
intersection.

Meanwhile, the display control means acquires a position
within the forward scene, which corresponds to the regis-
tered position registered in the map information as the
position of the intersection in the case where the degree of
approach is less than the threshold, and sets the acquired
position as the position of superimposition of the guide
image. This allows the driver to recognize the position of the
intersection in the forward scene. That is, in the case where
the degree of approach is less than the threshold, the driver
can recognize the position of the intersection in reliance on
the position of the guide image in the forward scene
although the viewability of an image of the intersection in
the forward scene is low.

Here, the degree of approach is an index that becomes
larger as the vehicle approaches an intersection, and that
becomes larger as an image of the intersection becomes
more clearly recognizable. For example, the degree-of-
approach acquisition means may acquire the degree of
approach on the basis of the positional relationship between
the vehicle and the intersection, or may acquire the degree
of approach on the basis of the travel state of the vehicle
such as the vehicle speed or the travel direction. An inter-
section that is present ahead of the vehicle may be an
intersection to be reached in the case where the vehicle
travels forward on the road, and may be an intersection to be
reached in the case where the vehicle travels forward on the
expected travel path. A guide image may be an image that
provides guidance on the position of an intersection, and
may be an image indicating that an image of the intersection
is present at the position of superimposition at which the
guide image is superimposed. For example, the guide image
may be a point-like image that is present at the set position
of superimposition, may be a linear image, a distal end or a
bent point of which is present at the set position of super-
imposition, or may be a polygonal image, a vertex of which
is present at the set position of superimposition. Further, the
guide image may include not only a portion indicating the
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position of an intersection but also a portion that provides
guidance on information on the intersection other than the
position of the intersection.

The display control means may project the forward scene
on the display section by causing the display section to
display an image representing the forward scene (hereinafter
referred to as a “forward image”). That is, the display control
means may superimpose the guide image on the forward
image, and cause the display section to display the forward
image on which the guide image is superimposed. The
forward image may be obtained by capturing a forward
scene using a camera, or may be obtained by drawing a
forward scene on the basis of the map information. Further,
the display section may be constituted as a semi-transmis-
sive head-up display that displays the guide image as
superimposed on the actual scene that the driver visually
recognizes over the windshield of the vehicle. In this case,
the display section transmits a part of the forward scene
visually recognized by the driver so that the transmitted part
of the scene is projected onto the display section as the
forward scene.

The threshold may be set to a degree of approach at which
an image of an intersection can be clearly visually recog-
nized in the forward image to such a degree that allows the
driver to decide the target position within the intersection.
That is, the threshold may be set to a degree of approach at
which an image of an intersection in the forward scene has
a predetermined size. For example, the threshold may be set
to a degree of approach at which an image of an intersection
in the forward scene has such a size that allows an image of
a connected road connected to the intersection to be clearly
visually recognized. This is because if the image of the
connected road can be clearly visually recognized, a position
within the intersection through which the vehicle can
smoothly exit the intersection and enter the connected road
can be decided as the target position. Further, the threshold
may be set to a degree of approach at which an image of an
intersection in the forward scene has such a size that allows
the lane configuration (the direction of connected roads that
can be entered after exiting each lane) of roads for entry into
the intersection to be clearly visually recognized. This is
because if the lane configuration can be clearly visually
recognized, it is possible to specify the lane to travel in when
entering the intersection, and to decide a position on the
specified lane as the target position. The size of an image of
an intersection may be the area of the image of the inter-
section in the forward scene, may be the length of the image
of the intersection in the vertical direction of the forward
scene, or may be the length of the image of the intersection
in the lateral direction of the forward scene.

The registered position is a position registered in the map
information as the typical position on the road surface within
an intersection, and may be the geometric center position of
the road surface within the intersection. It should be noted,
however, that the registered position may not necessarily be
a position registered in the map information as the position
of an intersection, and may be a position that can be derived
on the basis of only data registered in the map information.
The position within the forward scene, which corresponds to
the registered position, means a position within the forward
scene at which an image of an object that is present at the
registered position is projected on the display section. The
position of superimposition of the guide image may be a
position of superimposition of at least a part of the guide
image, and may be a position of superimposition of a portion
of the guide image, which indicates the position of an
intersection.
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The travel direction of a vehicle means forward in the
longitudinal direction (direction orthogonal to the axles) of
the vehicle. The straight-ahead line is a straight line extend-
ing in the travel direction of a vehicle from the vehicle, and
means the track of the vehicle for a case where the vehicle
is assumed to move straight with the steering angle kept at
0°. A position within the forward scene, which corresponds
to a position on the straight-ahead line, means a position
within the forward scene at which an image of an object that
is present at a position on the straight-ahead line is projected
on the display section.

The display control means may acquire a projected space
that is a part of a space ahead of the vehicle and corresponds
to the forward scene projected on the display section, and
set, as the position of superimposition of the guide image, a
position within the forward scene, which corresponds to a
position at a left end or a right end within the projected
space, in the case where the degree of approach is less than
the threshold and the registered position is present on a left
side or a right side with respect to the projected space. That
is, the position of an end of the forward scene on the side on
which the registered position is present may be set as the
position of superimposition of the guide image in the case
where the registered position is located outside the projected
space and thus the position corresponding to the registered
position is not present within the forward scene. Conse-
quently, it is possible to recognize whether the intersection
is located on the left side or the right side with respect to the
projected space corresponding to the forward scene pro-
jected on the display section. Since the position of super-
imposition of the guide image is set to the position at an end
of the forward scene on the side on which the registered
position is present, guidance on a position that is as close to
the guide intersection as possible can be provided. In the
case where the display section is caused to display the
forward image in which the forward scene is captured, the
projected space means a space within the field of view of a
camera that captures the forward image. In the case where
the display section is caused to display an extracted part of
the forward image, as a matter of course, the projected space
means a part of the space within the field of view of the
camera, which corresponds to the extracted forward image.
In the case where the display section is caused to display the
forward image in which the forward scene is drawn on the
basis of the map information, the projected space means a
space within the field of view set when drawing the forward
image. In the case where the actual forward scene is pro-
jected on a semi-transmissive display section, the projected
space means a space that can be visually recognized by the
driver through the display section.

The display control means may determine that the degree
of approach is less than the threshold in the case where a
remaining distance from the vehicle to the intersection is
longer than a predetermined reference distance. The degree
of approach becomes larger as the remaining distance from
the vehicle to the intersection becomes shorter. Therefore, it
can be determined that the degree of approach is less than
the threshold in the case where the remaining distance is
longer than the reference distance. The reference distance
may be set to a remaining distance at which it can be
determined that the vehicle is traveling toward a target
position for entry into an intersection, which is decided in
advance by the driver. For example, the reference distance
may be a remaining distance at which an image of an
intersection in the forward scene has such a size that allows
the image of the intersection to be clearly visually recog-
nized to such a degree that allows the target position to be
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decided. The display control means may set a reference
distance for each intersection, and may specify the size of an
intersection on the basis of the map information, and set the
reference distance to be longer as the size of the intersection
is larger. Further, the reference distance may be a remaining
distance at which it can be considered that the vehicle has
entered an extended section provided before an intersection
and provided with an extended lane such as a right-turn lane.
This is because the vehicle may not be able to travel in the
extended lane in a section before the lane extended section
even if the driver has decided a position in the extended lane
as the target position, and the target position decided in the
extended lane may not be present on the straight-ahead line.
Still further, the reference distance may be a remaining
distance at which it can be considered that the vehicle has
entered a section which is provided before an intersection
and in which a lane change is prohibited. Consequently, it is
possible to provide the driver with guidance on maintaining
the current travel direction without making a lane change in
the section in which a lane change is prohibited.

The display control means may determine that the degree
of approach is less than the threshold in the case where an
angle formed in a horizontal plane between a straight line
extending from the vehicle to the registered position and the
straight-ahead line is larger than a predetermined reference
angle. As the vehicle approaches an intersection, there is a
lower possibility that the road is curved between the vehicle
and the intersection, and there is a higher possibility that the
intersection is present right ahead of the vehicle. Thus, it can
be considered that the degree of approach is larger as the
angle formed in a horizontal plane between the straight line
extending from the vehicle to the registered position and the
straight-ahead line becomes smaller. For example, the ref-
erence angle may be set to such an angle that it can be
considered that the intersection is present on the straight-
ahead line. A case where an intersection is not present on the
straight-ahead line means a case where the intersection
cannot be reached in the case where the vehicle moves
straight in the travel direction. Thus, by defining an angle at
which it can be considered that an intersection is present on
the straight-ahead line as the reference angle, it is possible
to prevent a sense of discomfort from being given to the
driver by providing guidance on moving straight in the
travel direction even if the intersection cannot be reached if
the vehicle moves straight in the travel direction.

The display control means may determine that the degree
of approach is less than the threshold in the case where a
required period before the vehicle reaches the intersection is
longer than a predetermined reference period. Consequently,
guidance on traveling toward the target position that is
present in the travel direction of the vehicle can be provided
when the timing for the vehicle to reach an intersection is
imminent and it is highly likely that the target position for
entry into the intersection has been decided.

The display control means may cause the display section
to display a forward image obtained by capturing the for-
ward scene such that an optical axis is positioned on the
straight-ahead line, and the display control means may set,
as the position of superimposition of the guide image, a
position on a bisector of the forward image in a lateral
direction in the case where the degree of approach is equal
to or more than the threshold. In the forward image captured
with the optical axis positioned on the straight-ahead line, a
position on the straight-ahead line corresponds to a position
on the bisector in the lateral direction at all times. Thus, it
is possible to prevent the forward image from being varied
in the lateral direction at a position on the bisector of the
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6

forward image in the lateral direction in the case where the
degree of approach is equal to or more than the threshold,
which improves the viewability of the guide image.

The display control means may determine that the regis-
tered position is present on a left side or a right side with
respect to the projected space in the case where an angle
formed in a horizontal plane between a straight line extend-
ing from the vehicle to the registered position and the
straight-ahead line is larger than a predetermined determi-
nation angle. Consequently, it is possible to easily determine
whether or not the registered position is present on the left
side or the right side with respect to the projected space. The
determination angle may be set to the same angle, or may be
set to different angles, for a case where the registered
position is located on the left side with respect to the
straight-ahead line and for a case where the registered
position is located on the right side with respect to the
straight-ahead line.

Further, the technique for providing guidance on the
position of an intersection using a guide image in exemplary
embodiments can also be implemented as a program or a
method. In addition, it can be assumed that the system,
program, and method described above are implemented as a
single device, implemented by a plurality of devices, or
implemented utilizing parts that are common to various
portions provided in the vehicle, and the system, program,
and method include a variety of aspects. For example, a
navigation system, method, or program that includes the
device described above can be provided. Various changes
may be made. For example, some units may be implemented
using software, and the others may be implemented using
hardware. Further, the inventive principles may be imple-
mented as a storage medium for a program that controls the
system. As a matter of course, the storage medium for the
software may totally equally be a magnetic storage medium,
a magneto-optical storage medium, or any storage medium
that may be developed in the future.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram of a navigation device.

FIG. 2A illustrates the relationship between a registered
position and a current position, FIG. 2B illustrates a forward
image, FIG. 2C is a plan view of a road, FIG. 2D illustrates
an arrow image, and FIG. 2E illustrates a lower image.

FIGS. 3A and 3C illustrate the relationship between the
registered position and the current position, FIGS. 3B and
3D illustrate the forward image, and FIG. 3E illustrates a
reference angle.

FIG. 4 is a flowchart of an intersection guide process.

EXEMPLARY EMBODIMENTS

An exemplary embodiment will be described below in the
following order:
(1) Configuration of Navigation Device
(1-1) First State
(1-2) Second State
(1-3) Third State
(2) Intersection Guide Process
(3) Other Embodiments

1. Configuration of Navigation Device
FIG. 1 is a block diagram illustrating the configuration of

a navigation device 10 serving as an intersection guide
system according to an embodiment. The navigation device
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10 is provided in a vehicle. The navigation device 10
includes a control section 20 and a storage medium 30. The
control section 20 includes a CPU, a RAM, a ROM, etc., and
executes a program stored in the storage medium 30 or the
ROM. The storage medium 30 stores map information 30a,
display setting data 305, and a position conversion table 30c.
(As used herein, the term “storage medium” is not intended
to encompass transitory signals.)

The map information 30a includes node data indicating
the position etc. of nodes set on roads, shape interpolation
point data indicating the position etc. of shape interpolation
points set on the center line of the roads between the nodes
in the width direction, and link data indicating information
on links that couple the nodes to each other. Nodes to which
three or more links are connected correspond to intersec-
tions. The position of the node corresponding to the inter-
section means the registered position registered in the map
information 30aq as the position of the intersection. The link
data include information indicating the width of the roads
between the nodes, the number of lanes constituting the
roads between the nodes, the position of partition lines
between the lanes, and roads for exit from each lane at the
nodes. The display setting data 305 are data including
various types of setting information for displaying a guide
image that provides guidance on an intersection. The display
setting data 305 will be discussed in detail later.

The position conversion table 30c¢ is a table that prescribes
the correspondence between positions within a projected
space ahead of the vehicle and projected positions within a
forward image. The projected space is a part of a space
ahead of the vehicle, and a space within the field of view of
a camera 44 at the time when the camera 44 captures a
forward scene ahead of the vehicle. The forward image is an
image generated by the camera 44 by capturing the forward
scene, and an image that represents the forward scene. The
position conversion table 30c is prepared on the basis of the
optical specifications (such as the field angle, the optical axis
direction, and the imaging magnification) of the camera 44,
and stored in advance in the storage medium 30. The control
section 20 converts a desired position within the projected
space using the position conversion table 30¢ to acquire a
projected position at which an image of an object that is
present at the desired position is projected within the for-
ward image. Conversely, the control section 20 converts a
desired position within the forward image using the position
conversion table 30c to acquire the position of an object, an
image of which is projected at the desired position, within
the projected space.

The vehicle includes a GPS reception section 41, a vehicle
speed sensor 42, a gyro sensor 43, a camera 44, and a display
45. The GPS reception section 41 receives radio waves from
GPS satellites to output a signal for calculating the position
of the vehicle via an interface (not illustrated). The vehicle
speed sensor 42 outputs a signal corresponding to the
rotational speed of wheels of the vehicle. The gyro sensor 43
outputs a signal corresponding to angular acceleration acting
on the vehicle.

The camera 44 is an image sensor that captures a forward
scene ahead of the vehicle to generate a forward image that
represents the forward scene. The forward image generated
by the camera 44 is output to the control section 20 via an
interface (not illustrated). FIG. 2A is a plan view illustrating
how the camera 44 captures a forward scene. The camera 44
has an optical system that is symmetric with respect to the
optical axis in the horizontal direction. The view angles of
the camera 44 toward the left and the right in the horizontal
direction are each a determination angle A,,. The camera 44
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is provided at the center position of the vehicle in the width
direction. The optical axis of the camera 44 coincides with
the travel direction of the vehicle. Thus, if the track followed
by the vehicle moving straight ahead with the steering angle
kept at 0° is defined by a straight-ahead line F, the optical
axis of the camera 44 coincides with the straight-ahead line
F as viewed in plan. A projected space K, which is a part of
the space ahead of the vehicle projected on the forward
image, is a space shaped to be symmetric with respect to the
straight-ahead line F as viewed in plan. Specifically, the
projected space K as viewed in plan is a space interposed
between a left end line 1, which is a straight line obtained by
tilting the straight-ahead line F leftward by the determina-
tion angle A, about a current position P, and a right end line
r, which is a straight line obtained by tilting the straight-
ahead line F rightward by the determination angle A, about
the current position P. The determination angle A, is half the
view angle of the camera 44, and stored in the display setting
data 305.

FIG. 2B illustrates the forward image. The lateral direc-
tion in the forward image (horizontal direction in the for-
ward image) corresponds to the width direction of the road
and the lanes. The midpoint of the lower side of the forward
image corresponds to the current position P of the vehicle
(position of the camera 44). In addition, a position on the
bisector of the forward image in the lateral direction corre-
sponds to a position on the straight-ahead line F in the
projected space K. In addition, an image of an object
positioned farther forward from the vehicle on the road
surface in the real space is positioned more above in the
vertical direction of the forward image (up-down direction
of the forward image). Further, a position on the side at the
left end of the forward image corresponds to a position on
the left end line 1 in the projected space K. A position on the
side at the right end of the forward image corresponds to a
position on the right end line 1 in the projected space K. In
the position conversion table 30¢, a coordinate (X, Y)
indicating a position within the projected space K is repre-
sented by a viewpoint coordinate system, which is a coor-
dinate system with the vehicle width direction defined as the
X axis (positive toward the left and negative toward the
right), with the vehicle travel direction defined as the Y axis,
and with the current position P defined as the origin. A
coordinate (0, Y) on the straight-ahead line F within the
projected space K is converted using the position conversion
table 30c¢ into a position on the bisector of the forward image
in the lateral direction.

The control section 20 specifies the current position P of
the vehicle on the center line, in the width direction, of a
travel road on which the vehicle is currently traveling
through map matching known in the art on the basis of the
signals output from the GPS reception section 41, the
vehicle speed sensor 42, the gyro sensor 43, etc. and the map
information 30a. Further, the control section 20 corrects the
current position P in the width direction of the travel road on
the basis of image recognition for the forward image. First,
the control section 20 recognizes the position, within the
forward image, of images of partition lines BL. between the
lanes constituting the travel road by performing a Hough
transform known in the art or the like on the forward image.
Then, the control section 20 specifies a travel lane, in which
the vehicle is traveling, on the basis of the position of the
images of the partition lines BL between the lanes in the
forward image. For example, the control section 20 acquires
the number of the images of the partition lines BL. between
the lanes positioned on the left side with respect to the
bisector of the forward image in the lateral direction, and
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specifies the lane the acquired number from the left end of
the travel road as the travel lane. Further, the control section
20 converts the position of the image of the partition line BL.
for the travel lane in the forward image using the position
conversion table 30c¢ to specify the distance from the parti-
tion line BL for the travel lane to the vehicle in the width
direction of the travel road. Then, the control section 20
corrects the current position P in the width direction of the
travel road on the basis of the position of the partition line
BL for the travel lane based on the link data of the map
information 30qa and the distance from the partition line BL.
for the travel lane to the vehicle in the width direction of the
travel road. In the following description, the current position
P means the position after the correction unless specifically
indicated otherwise. Further, the control section 20 specifies
the travel direction of the vehicle on the basis of the output
signal from the gyro sensor 43 etc.

The display 45 is a video output device that outputs
various types of images including the forward image and the
guide image on the basis of a video signal output from the
control section 20. The forward image may be displayed on
the entire display 45, or may be displayed on a part of the
display 45.

The control section 20 executes an intersection guide
program 21. The intersection guide program 21 includes a
degree-of-approach acquisition section 21a and a display
control section 21b5. The degree-of-approach acquisition
section 214 is a module that causes the control section 20 to
execute a function of acquiring the degree of approach of the
vehicle to an intersection that is present ahead of the vehicle.
The control section 20 acquires the degree of approach of the
vehicle to a guide intersection through which the vehicle
travels next, among guide target intersections that are pres-
ent on an expected travel path found through a search in
advance. The expected travel path is constituted of a series
of roads that the vehicle should travel on in order to reach
the destination location. The expected travel path may be a
path acquired by the control section 20 from an external
device or a removable memory via communication or the
like.

The control section 20 determines intersections for which
the absolute value of a turning angle is equal to or more than
a threshold as the guide target intersections. The turning
angle (positive for a left turn and negative for a right turn)
is formed by the direction (exit direction) of an exit road,
which is a road on the expected travel path on which the
vehicle travels immediately after an intersection is exited,
with respect to the direction (entry direction) of an entry
road, which is a road on the expected travel path on which
the vehicle travels immediately before the intersection is
entered. The control section 20 specifies the entry direction
on the basis of a vector that extends from a shape interpo-
lation point within the entry road that is the closest to a node
corresponding to an intersection toward the node, and speci-
fies the exit direction on the basis of a vector that extends
from the node corresponding to the intersection toward a
shape interpolation point within the exit road that is the
closest to the node. FIG. 2C is a plan view illustrating how
the vehicle approaches a guide intersection C. In FIG. 2C,
the entry road R; and the exit road R,, which form a turning
angle of 90° at the guide intersection C, are roads on the
expected travel path. In FIG. 2C, the partition lines BL
between the lanes are indicated by a white broken or solid
line, and a median strip M that separates roads with opposite
travel directions for vehicles is indicated by a black solid
line.

20

25

30

35

40

45

50

55

60

65

10

The control section 20, through the function of the degree-
of-approach acquisition section 21a, acquires a registered
position Q registered in the map information 30a as the
position of the guide intersection C from the map informa-
tion 30q. That is, the control section 20 acquires, from the
node data of the map information 30a, the position of a node
(node to which a link corresponding to the entry road R; and
a link corresponding to the exit road R, are connected) set
commonly on the entry road R, and on the exit road R, as
the registered position Q. In the embodiment, a region on the
road surface on which the entry road R, and the exit road R ,
overlap each other is the guide intersection C (within a frame
of broken lines), and the registered position Q is set to the
geometric center position (center of gravity) of the guide
intersection C. Specifically, the guide intersection C is a
region surrounded by extension lines B, and B, at both
edges of the entry road R; in the width direction and
extension lines B; and B; at both edges of the exit road R,
in the width direction.

The control section 20, through the function of the degree-
of-approach acquisition section 2la, acquires the linear
distance between the registered position Q of the guide
intersection C and the current position P as a remaining
distance S. The remaining distance S is an index of the
degree of approach of the vehicle to the guide intersection C.
As the remaining distance S becomes shorter, the degree of
approach of the vehicle to the guide intersection C becomes
larger. The control section 20 may acquire the length of
travel along the road from the current position of the vehicle
to the registered position Q as the remaining distance S.

The display control section 215 is a module that super-
imposes a guide image that provides guidance on the posi-
tion of the guide intersection C on the forward image and
causes the display 45 to display the forward image on which
the guide image is superimposed. As illustrated in FIG. 2B,
the control section 20 generates a guide image G including
a lower image G,, an upper image G,, and an arrow image
Gj;. The control section 20 generates the guide image G by
superimposing the arrow image G, on the upper image G,,
and further coupling the upper end of the lower image G, to
the lower end of the upper image G,.

The images G, to G; will be described below. The control
section 20 acquires a turning angle at the guide intersection
C, and generates an arrow image G; corresponding to the
turning angle. FIG. 2D illustrates the arrow image G;. The
arrow image G3 is composed of an entry portion I and an
exit portion O that connects to the upper end of the entry
portion 1. The entry portion I is a portion that represents the
travel direction (entry direction) of the vehicle on the entry
road R;. A center line i that bisects the entry portion I in the
width direction is a line in the vertical direction of the
forward image at all times. The entry direction immediately
before entry into the guide intersection C on the entry road
R, is forward at all times, and corresponds to the upward
direction in the vertical direction of the forward image.
Thus, the entry portion I, the center line i of which in the
width direction is a line in the vertical direction of the
forward image, represents the direction of entry of the
vehicle into the guide intersection C. The exit portion O is
a portion that represents the travel direction (exit direction)
of'the vehicle on the exit road R,. A center line o that bisects
the exit portion O in the width direction is a line in a
direction tilted by a turning angle 6 with respect to the center
line 1 of the entry portion I in the width direction. An arrow
head portion is provided at the distal end of the exit portion
0.
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As illustrated in FIG. 2B, the control section 20 generates
a rectangular upper image G, the height and the width of
which are larger than those of the arrow image G5 by a
predetermined amount, and superimposes the arrow image
G5 on the upper image G,. Then, the control section 20
acquires the size of the upper image G,, which corresponds
the remaining distance S, in the display setting data 305, and
resizes (enlarges or reduces) the upper image G, on which
the arrow image Gy is superimposed to a size matching the
remaining distance S. In the display setting data 305, the size
of the upper image G, is prescribed so as to become larger
as the remaining distance S becomes shorter.

FIG. 2E illustrates the lower image G,. The lower image
G, is an isosceles triangular image having an upper side
corresponding to a line in the lateral direction in the forward
image and a vertex (lower end point) located below the
upper side. That is, the lower image G, is an image that
becomes narrower toward the lower end point. The control
section 20 acquires a length Z of the lower image G,, which
corresponds to the remaining distance S, in the display
setting data 305, and generates a lower image G1 having the
acquired length Z. The length Z of the lower image G, is the
length of the lower image G, in the vertical direction of the
forward image. In the display setting data 305, the length Z
of the lower image G, is prescribed so as to become smaller
as the remaining distance S becomes shorter. The control
section 20 generates a guide image G by coupling the upper
end (upper side) of the lower image G, to the lower end of
the upper image G,, on which the arrow image Gj is
superimposed, such that a center line ¢ of the lower image
G in the lateral direction is present on an extension line U
of the center line i of the entry portion I of the arrow image
G; in the lateral direction. Consequently, the lower end point
of the lower image G is also positioned on the extension
line U of the center line i of the entry portion I of the arrow
image Gj; in the lateral direction.

In superimposing the guide image G described above on
the forward image, the control section 20 sets the position of
superimposition of the lower end point of the lower image
G, of the guide image G on the forward image. In the
embodiment, the control section 20 sets the position of
superimposition of the lower end point of the lower image
G, of the guide image G using different methods in accor-
dance with the state (first to third states) of the positional
relationship between the guide intersection C and the
vehicle.

1-1. First State

The control section 20, through the function of the display
control section 215, determines that the positional relation-
ship between the guide intersection C and the vehicle is in
a first state in the case where the degree of approach is less
than a threshold and the registered position Q of the guide
intersection C is present within the projected space K for the
forward image. The control section 20, through the function
of'the display control section 215, determines that the degree
of approach is less than the threshold in the case where the
remaining distance S from the vehicle to the registered
position Q of the guide intersection C is longer than a
predetermined reference distance S,,. In the embodiment,
the reference distance S, is set to the remaining distance S
from the vehicle to an intersection in the average shape at the
time when the area of an image of the intersection in the
average shape is a predetermined area in the forward image,
and stored in the display setting data 305. In the case where
the image of the intersection in the average shape has the
predetermined area in the forward image, it is experimen-
tally confirmed that the shape of a connected road connected
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to the intersection in the average shape can be recognized,
and that the lane configuration of the entry road for entry
into the intersection in the average shape can be recognized.
The intersection in the average shape is an intersection
having a shape obtained by averaging the shapes of inter-
sections that are present on roads. For example, the inter-
section in the average shape may have the shape of a square,
the length of the four sides of which equals the average
width of roads.

The control section 20, through the function of the display
control section 215, determines whether or not the registered
position Q of the guide intersection C is present within the
projected space K as follows. That is, in the case where an
intersection angle A, which is the angle formed in a hori-
zontal plane between the straight line extending from the
current position P to the registered position Q of the guide
intersection C and the straight-ahead line F, is equal to or
less than a determination angle A, the control section 20
determines that the registered position Q of the guide
intersection C is present within the projected space K. For
example, the control section 20 may acquire a coordinate
(X Yy,) indicating the registered position Q in the view-
point coordinate system as illustrated in FIG. 2A, and
determine that the registered position Q of the guide inter-
section C is present within the projected space K in the case
where the coordinate (X, Y,) meets the relationship “tan
A, =ztan AfIXQIYQ. The.coord.mate (XQ, Y,,) of the regis-
tered position Q in the viewpoint coordinate system can be
acquired by offsetting the coordinate of the registered posi-
tion Q on the map such that the current position P corre-
sponds to the origin, and further rotating the offset coordi-
nate of the registered position Q in accordance with the
travel direction of the vehicle about the current position P.

As illustrated in FIGS. 2A and 2C, in the case where the
current position P is P, it is determined that the remaining
distance S is longer than the reference distance S,,,, and that
the intersection angle A is equal to or less than the deter-
mination angle A,,. In this case, it is determined that the
positional relationship between the guide intersection C and
the vehicle is in the first state.

In the first state, the control section 20, through the
function of the display control section 214, sets, as the
position of superimposition of the lower end point of the
lower image G, of the guide image G, the position within the
forward image which corresponds to the registered position
Q registered in the map information as the position of the
guide intersection C. The control section 20 acquires the
position within the forward image, which corresponds to the
registered position Q, by converting the coordinate (X, Y,)
of the registered position Q in the viewpoint coordinate
system using the position conversion table 30c, and sets the
acquired position as the position of superimposition of the
lower end point of the lower image G, of the guide image G.
Then, the control section 20 superimposes the guide image
G on the forward image such that the lower end point of the
lower image G, of the guide image G is superimposed on the
position within the forward image, which corresponds to the
registered position Q. Further, the control section 20 causes
the display 45 to display the forward image on which the
guide image G is superimposed.

FIG. 2B illustrates a forward image in the first state. As
illustrated in FIG. 2B, in the case where the degree of
approach is less than the threshold, the driver can recognize
the position of the guide intersection C in reliance on the
position of the lower end point of the lower image G, of the
guide image G.
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1-2. Second State

In the case where it is determined in the determination
discussed above that the remaining distance S is longer than
the reference distance S, and that the intersection angle A is
larger than the determination angle A, the control section
20, through the function of the display control section 215,
determines that the positional relationship between the guide
intersection C and the vehicle is in a second state. FIG. 3A
illustrates the positional relationship in the viewpoint coor-
dinate system between the guide intersection C and the
vehicle in the second state. As illustrated in FIGS. 2C and
3A, in the case where the current position P is Py, it is
determined that the remaining distance S is longer than the
reference distance S, and that the intersection angle A is
larger than the determination angle A,,.

In the second state, the control section 20 determines
whether the registered position Q of the guide intersection C
is present on the left side with respect to the projected space
K, or whether the registered position Q of the guide inter-
section C is present on the right side with respect to the
projected space K. In the second state, the control section 20
determines that the registered position Q of the guide
intersection C is present on the left side with respect to the
projected space K if the X coordinate (X,) of the registered
position Q in the viewpoint coordinate system is positive,
and determines that the registered position Q of the guide
intersection C is present on the right side with respect to the
projected space K if the X coordinate (X,;) of the registered
position Q is negative. As illustrated in FIG. 3A, in the case
where the current position P is Py, it is determined that the
registered position Q of the guide intersection C is present
on the left side with respect to the projected space K.

In the case where the registered position Q of the guide
intersection C is present on the left side with respect to the
projected space K, the control section 20, through the
function of the display control section 215, sets, as the
position of superimposition of the lower end point of the
lower image G, of the guide image G, the position within the
forward image, which corresponds to a position (end posi-
tion N) at the left end within the projected space K. That is,
as illustrated in FIG. 3 A, the control section 20 acquires the
end position N on the left end line 1, which is present at the
left end of the projected space K, and sets the position within
the forward image, which corresponds to the end position N,
as the position of superimposition of the lower end point of
the lower image G, of the guide image G. In the embodi-
ment, the control section 20 causes the distance in the travel
direction of the vehicle between the current position P and
the registered position Q of the guide intersection C and the
distance in the travel direction of the vehicle between the
current position P and the end position N to coincide with
each other. That is, the control section 20 causes the Y
coordinate (Y,) of the end position N at the left end of the
projected space K to coincide with the Y coordinate (Y ,) of
the registered position Q, and sets the X coordinate (X,,) of
the end position N on the left side such that “tan A =X,/
Y,” is met.

In the case where the registered position Q of the guide
intersection C is present on the right side with respect to the
projected space K, on the other hand, the control section 20,
through the function of the display control section 215, sets,
as the position of superimposition of the lower end point of
the lower image G, of the guide image G, the position within
the forward image, which corresponds to a position (end
position N) at the right end within the projected space K.
That is, the control section 20 acquires the end position N on
the right end line r, which is present at the right end of the
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projected space K, and sets the position within the forward
image, which corresponds to the end position N, as the
position of superimposition of the lower end point of the
lower image G, of the guide image G. In the embodiment,
the control section 20 causes the Y coordinate (Y ) of the
end position N at the right end of the projected space K to
coincide with the Y coordinate (Y,) of the registered posi-
tion Q, and sets the X coordinate (X,,) of the end position N
on the right side such that “tan(-A,,)=X,/Y,” is met.

In the second state, the control section 20, through the
function of the display control section 215, acquires the
position within the forward image, which corresponds to the
end position N, by converting the coordinate (X,, Y,,) of the
end position N of the projected space K in the viewpoint
coordinate system using the position conversion table 30c,
and sets the acquired position as the position of superim-
position of the lower end point of the lower image G, of the
guide image. Then, the control section 20 superimposes the
guide image G on the forward image such that the lower end
point of the lower image G, of the guide image G is
superimposed on the position within the forward image,
which corresponds to the end position N of the projected
space K. Further, the control section 20 causes the display 45
to display the forward image on which the guide image G is
superimposed.

In the second state, the position of superimposition of the
lower end point of the lower image G, of the guide image G
is set on a side at an end of the forward image in the lateral
direction at all times. In this case, in the case where the lower
end point of the lower image G, is positioned on the
extension line U of the center line i of the entry portion I of
the arrow image G; in the lateral direction as illustrated in
FIG. 2B, the guide image G lies off the forward image on
one of the left and right sides. Also in the case where the
position of superimposition of the lower end point of the
lower image G, of the guide image G is set around an end
of the forward image in the lateral direction in the first state,
in addition, the guide image G lies off the forward image on
one of the left and right sides. Specifically, in the case where
a distance e, (FIG. 2B) in the lateral direction from the
center line i of the entry portion I of the arrow image G; to
the left end of the guide image G is longer than a distance
h, (FIG. 2B) in the lateral direction from the position within
the forward image, which corresponds to the registered
position Q, to the left end of the forward image, the guide
image G lies off the forward image on the left side. In such
a case, the control section 20 moves the position of super-
imposition of the upper image G, on which the arrow image
G is superimposed rightward such that the left end of the
upper image G, of the guide image G coincides with the left
end of the forward image while maintaining the position of
superimposition of the lower end point of the lower image
G, of the guide image G. As illustrated in FIG. 3B, the
control section 20 may incline the lower image G, such that
the position at which the upper end of the lower image G,
is coupled to the lower end of the upper image G, is not
varied. In this case, the lower image G, is not an isosceles
triangular image. In the case where a distance e, (FIG. 2B)
in the lateral direction from the center line i of the entry
portion I of the arrow image G; to the right end of the guide
image G is longer than a distance h, (FIG. 2B) in the lateral
direction from the position within the forward image, which
corresponds to the registered position Q, to the right end of
the forward image, on the other hand, the control section 20
may move the position of superimposition of the upper
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image G, leftward such that the right end of the upper image
G, of the guide image G coincides with the right end of the
forward image.

As described above, it is possible to recognize whether the
guide intersection C is located on the left side with respect
to the projected space K, or whether the guide intersection
C is located on the right side with respect to the projected
space K, by providing guidance on the position of an end on
the side on which the registered position Q of the guide
intersection C is present in the forward image in the case
where the registered position Q is located outside the
projected space K. Since guidance on the position at an end
on the side on which the registered position Q of the guide
intersection C is present in the forward image is provided,
guidance on a position that is as close to the guide inter-
section C as possible can be provided. In addition, the
control section 20 can easily determine whether or not the
registered position Q is present outside the projected space
K by determining whether or not the intersection angle A
formed in a horizontal plane between the straight line
extending from the current position P to the registered
position Q and the straight-ahead line F is larger than the
predetermined determination angle A .

1-3. Third State

In the case where it is determined in the determination
discussed above that the remaining distance S is equal to or
less than the reference distance S,,,, the control section 20,
through the function of the display control section 2154,
determines that the positional relationship between the guide
intersection C and the vehicle is in a third state. As illustrated
in FIG. 2C, in the case where the current position P is P, the
remaining distance S is equal to or less than the reference
distance S,,.

FIG. 3C illustrates how the position of superimposition of
the lower end point of the lower image G, of the guide image
G is set in the third state in the viewpoint coordinate system.
In the third state, the control section 20, through the function
of the display control section 215, sets, as the position of
superimposition of the lower end point of the lower image
G, of the guide image G, the position within the forward
image, which corresponds to the position (straight-ahead
position V) on the straight-ahead line F that is a straight line
extending in the travel direction of the vehicle from the
vehicle. The control section 20 sets the straight-ahead posi-
tion V on the straight-ahead line F by setting the X coordi-
nate (X;,) of the straight-ahead position V in the viewpoint
coordinate system to 0. In the embodiment, the control
section 20 causes the distance in the travel direction of the
vehicle between the current position P and the registered
position Q of the guide intersection C and the distance in the
travel direction of the vehicle between the current position
P and the straight-ahead position V to coincide with each
other. That is, the control section 20 causes the Y coordinate
(Y;) of the straight-ahead position V in the viewpoint
coordinate system to coincide with the Y coordinate (Y ) of
the registered position Q.

In the third state, the control section 20, through the
function of the display control section 215, acquires the
position within the forward image, which corresponds to the
straight-ahead position V, by converting the coordinate (X,
Y,,) of the straight-ahead position V on the straight-ahead
line F in the viewpoint coordinate system using the position
conversion table 30c, and sets the acquired position as the
position of superimposition of the lower end point of the
lower image G, of the guide image G. As discussed above,
the coordinate (X, Y;)=(0, Y,) on the straight-ahead line F
is converted using the position conversion table 30c¢ into a
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position on the bisector of the forward image in the lateral
direction. Then, the control section 20 superimposes the
guide image G on the forward image such that the lower end
point of the lower image G, of the guide image G is
superimposed on the position within the forward image,
which corresponds to the straight-ahead position V on the
straight-ahead line F. Further, the control section 20 causes
the display 45 to display the forward image on which the
guide image G is superimposed. As illustrated in FIG. 3D,
the lower end point of the lower image G, of the guide image
G is positioned on the bisector of the forward image in the
lateral direction, and the center line i of the entry portion I
of the arrow image G; in the lateral direction is also
positioned on the bisector of the forward image in the lateral
direction.

As illustrated in FIG. 3D, in the case where the degree of
approach to the guide intersection C is large, the driver can
clearly visually recognize an image of the guide intersection
C within the forward image or the real scene. As in the
embodiment, in the case where the vehicle approaches the
guide intersection C at which the arrow image G; provides
guidance on making a left turn (turning angle T=90°), the
driver can decide the position through which the guide
intersection C is entered from a left-turn lane as the target
position on the basis of the image of the guide intersection
C clearly visually recognized, and cause drive the vehicle
toward the target position. In this way, in the case where the
driver drives the vehicle toward the target position at the
guide intersection C, the control section 20 provides guid-
ance on the straight-ahead position V on the straight-ahead
line F extending in the travel direction of the vehicle from
the vehicle as the position of the guide intersection C. By
providing guidance on the straight-ahead position V on the
straight-ahead line F, it is possible to provide guidance on
driving the vehicle in the travel direction toward the target
position decided in advance by the driver. For example, it is
possible to provide guidance on traveling in the left turn lane
as illustrated in FIG. 3D. That is, it is possible to prevent
giving a sense of discomfort as if the vehicle must make a
left turn at the guide intersection C by way of the center
position of the guide intersection C by providing guidance
on the registered position Q that is the center position of the
guide intersection C as indicated by the broken line in FIG.
3D.

In the forward image captured with the optical axis
positioned on the straight-ahead line F, in addition, the
straight-ahead position V on the straight-ahead line F cor-
responds to a position on the bisector in the lateral direction
at all times. Therefore, it is possible to prevent the guide
image G from being varied in the lateral direction, which
improves the viewability of the guide image G. In the
embodiment, further, the guide image G is generated such
that the center line of the lower image G, in the lateral
direction is present on the extension line U of the center line
i of the entry portion I of the arrow image G; in the lateral
direction. That is, the center line i of the entry portion I of
the arrow image G; in the lateral direction and the center line
¢ of the lower image G, in the lateral direction are arranged
to form one straight line on the bisector of the forward image
in the lateral direction, which corresponds to the straight-
ahead line F. Consequently, it is possible to allow the driver
to intuitively recognize that the guide intersection C can be
entered by driving the vehicle straight ahead in the travel
direction represented by the extension line U. Further, even
if the positional relationship between the guide intersection
C and the vehicle is in any state (any of the first to third
states), the lower end point of the lower image G, of the
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guide image G is superimposed on the position of superim-
position, which is obtained by converting the Y coordinate
(Yo=Y,=Y ) of the registered position Q in the viewpoint
coordinate system using the position conversion table 30c.
Thus, it is possible to prevent the lower end point of the
lower image G, of the guide image G from abruptly moving
in the vertical direction of the guide image G when the state
of the positional relationship between the guide intersection
C and the vehicle is varied, which prevents giving a sense of
discomfort.

2. Intersection Guide Process

FIG. 4 is a flowchart of an intersection guide process. The
intersection guide process is a process for updating display
on the display 45 each time the latest forward image is
captured. First, the control section 20, through the function
of the degree-of-approach acquisition section 21a, acquires
a guide intersection C through which the vehicle travels next
(step S100). That is, the control section 20 acquires a guide
intersection C through which the vehicle is expected to
travel next on the expected travel path, among intersections,
the absolute value of the turning angle T at which is equal
to or more than a threshold. The turning angle T is the angle
formed by the exit direction with respect to the entry
direction. Next, the control section 20, through the function
of the degree-of-approach acquisition section 21a, acquires
a forward image (step S105). Next, the control section 20,
through the function of the degree-of-approach acquisition
section 21a, acquires the current position P and the travel
direction of the vehicle (step S110).

Next, the control section 20, through the function of the
degree-of-approach acquisition section 2la, acquires a
remaining distance S to the guide intersection C (step S115).
That is, the control section 20 acquires the linear distance
from the current position P to the registered position Q set
to the center position of the guide intersection C as the
remaining distance S.

Next, the control section 20, through the function of the
display control section 215, determines whether or not the
remaining distance S to the registered position Q is equal to
or less than the reference distance S,, (step S120). That is,
the control section 20 determines whether or not the degree
of approach to the guide intersection C is equal to or more
than the threshold. In the case where it is not determined that
the remaining distance S to the registered position Q is equal
to or less than the reference distance S, (step S120: N), the
control section 20, through the function of the display
control section 215, determines whether or not the intersec-
tion angle A formed in a horizontal plane between the
straight line extending from the current position P to the
registered position Q and the straight-ahead line F is equal
to or less than the determination angle A, (step S125). That
is, the control section 20 determines whether or not the
registered position Q of the guide intersection C is present
within the projected space K. Specifically, the control sec-
tion 20 acquires a coordinate (X, Y,) of the registered
position Q in the viewpoint coordinate system, and deter-
mines that the registered position Q of the guide intersection
C is present within the projected space K in the case where
the coordinate (X, Y,) meets the relationship “tan A, ztan
A=IX Y 7.

Then, in the case where it is determined that the inter-
section angle A is equal to or less than the determination
angle A, (step S125:Y), the control section 20, through the
function of the display control section 215, causes the
display 45 to display a forward image on which a guide
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image G that provides guidance on the registered position Q
is superimposed (step S130). That is, in the case where the
positional relationship between the guide intersection C and
the vehicle is in the first state, the control section 20 sets the
position of superimposition of the lower end point of the
lower image G, of the guide image G to the position within
the forward image, which corresponds to the registered
position Q of the guide intersection C of the guide intersec-
tion C. Specifically, the control section 20 acquires the
position within the forward image, which corresponds to the
registered position Q, by converting the coordinate (X, Y,)
of the registered position Q in the viewpoint coordinate
system using the position conversion table 30c, and sets the
acquired position as the position of superimposition of the
lower end point of the lower image G, of the guide image G.

The control section 20 superimposes the arrow image G,
representing the turning angle T at the guide intersection C
on the upper image G,, and changes the size of the upper
image G, on which the arrow image G; is superimposed to
a size corresponding to the remaining distance S. Further,
the control section 20 generates an isosceles triangular lower
image G1 having a length Z corresponding to the remaining
distance S in the vertical direction of the forward image.
Then, the control section 20 generates a guide image G by
coupling the upper end (upper side) of the lower image G,
to the lower end of the upper image G,, on which the arrow
image Gy is superimposed, such that the center line ¢ of the
lower image G, in the lateral direction is present on the
extension line U of the center line i of the entry portion I of
the arrow image G, in the lateral direction. It should be
noted, however, that in the case where the guide image G lies
off the forward image on one of the left and right sides, the
control section 20 moves the position of superimposition of
the upper image G, on which the arrow image G; is super-
imposed in the lateral direction such that the left end or the
right end of the upper image G, of the guide image G
coincides with the left end or the right end of the forward
image. The control section 20 superimposes the guide image
G on the forward image such that the lower end point of the
lower image G, is superimposed on the position within the
forward image, which corresponds to the registered position
Q of'the guide intersection C of the guide intersection C, and
causes the display 45 to display the forward image on which
the guide image G is superimposed (FIG. 2B).

In the case where it is not determined that the intersection
angle A is equal to or less than the determination angle A,
(step S125: N), on the other hand, the control section 20,
through the function of the display control section 2154,
causes the display 45 to display a forward image on which
a guide image G that provides guidance on the end position
of the projected space K is superimposed (step S135). That
is, in the case where the positional relationship between the
guide intersection C and the vehicle is in the second state,
the control section 20 sets the position of superimposition of
the lower end point of the lower image G, of the guide image
G to the position within the forward image, which corre-
sponds to the end position N at an end of the projected space
K. Specifically, in the case where the registered position Q
of the guide intersection C is present on the left side with
respect to the projected space K, the control section 20
acquires an end position N on the left end line 1, which is
present at the left end of the projected space K, and sets the
position within the forward image, which corresponds to the
end position N, as the position of superimposition of the
lower end point of the lower image G, of the guide image G.
That is, the control section 20 causes the Y coordinate (Y )
of the end position N at the left end of the projected space
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K to coincide with the Y coordinate (Y,) of the registered
position Q, and sets the X coordinate (X,) of the end
position N on the left side such that “tan A, =X,/Y ,” is met.
In the case where the registered position Q of the guide
intersection C is present on the right side with respect to the
projected space K, on the other hand, the control section 20,
through the function of the display control section 2154,
acquires an end position N on the right end line r, which is
present at the right end of the projected space K, and sets the
position within the forward image, which corresponds to the
end position N, as the position of superimposition of the
lower end point of the lower image G, of the guide image G.
That is, the control section 20 causes the Y coordinate (Y )
of the end position N at the right end of the projected space
K to coincide with the Y coordinate (Y,) of the registered
position Q, and sets the X coordinate (X,) of the end
position N on the right side such that “tan(-A,,)=X,/Y ;" is
met.

Then, the control section 20 sets, as the position of
superimposition of the lower end point of the lower image
G, of the guide image G, the position obtained by converting
the coordinate (X,, Y,) of the end position N of the
projected space K using the position conversion table 30c.
Further, the control section 20 moves the position of super-
imposition of the upper image G, on which the arrow image
G is superimposed in the lateral direction such that the left
end or the right end of the upper image G, of the guide image
G coincides with the left end or the right end of the forward
image. The control section 20 superimposes the guide image
G on the forward image such that the lower end point of the
lower image G, is superimposed on the position within the
forward image, which corresponds to the end position N at
an end of the projected space K, and causes the display 45
to display the forward image on which the guide image G is
superimposed (FIG. 3B).

In the case where it is determined that the remaining
distance S to the registered position Q is equal to or less than
the reference distance S,;, (step S120: Y), on the other hand,
the control section 20, through the function of the display
control section 215, causes the display 45 to display a
forward image on which a guide image G that provides
guidance on the straight-ahead position V on the straight-
ahead line F is superimposed (step S140). The straight-ahead
line F is a straight line extending in the travel direction of the
vehicle from the vehicle. That is, in the case where the
positional relationship between the guide intersection C and
the vehicle is in the third state, the control section 20 sets the
position of superimposition of the lower end point of the
lower image G, of the guide image G to the position within
the forward image, which corresponds to the straight-ahead
position V on the straight-ahead line F. Specifically, the
control section 20 acquires, as the straight-ahead position V,
a coordinate (0, Y,,), the Y coordinate (Y,) of which
coincides with the Y coordinate (Y,,) of the registered
position Q in the viewpoint coordinate system and which is
present on the straight-ahead line F. Then, the control section
20 acquires the position within the forward image, which
corresponds to the straight-ahead position V, by converting
the coordinate (0, Y ;) of the straight-ahead position V using
the position conversion table 30c, and sets the acquired
position as the position of superimposition of the lower end
point of the lower image G, of the guide image G. The
position within the forward image, which corresponds to the
straight-ahead position V, is a position on the bisector of the
forward image in the lateral direction at all times. The
control section 20 superimposes the guide image C on the
forward image such that the lower end point of the lower
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image G, is superimposed on the position within the forward
image, which corresponds to the straight-ahead position V
(FIG. 3D), and causes the display 45 to display the forward
image on which the guide image C is superimposed

In the embodiment, in any of the first to third states, the
position of superimposition of the lower end point of the
lower image G, of the guide image G is set so as to maintain
the Y coordinate (Y,) of the registered position Q. Conse-
quently, it is possible to prevent the position of superimpo-
sition of the lower end point of the lower image G, of the
guide image G from being significantly varied in the vertical
direction of the forward image when the positional relation-
ship between the current position P and the registered
position Q of the guide intersection C transitions in state
(first to third states), which improves the viewability of the
lower end point of the lower image G, of the guide image G.

3. Other Embodiments

The control section 20 may specify the size of the guide
intersection C on the basis of the width of the entry road R,
and the width of the exit road R ,, which are indicated by the
link data of the map information 30a, and upwardly revise
the reference distance S, in the case where the guide
intersection C is larger than the intersection in the average
shape and downwardly revise the reference distance S,, in
the case where the guide intersection C is smaller than the
intersection in the average shape. Further, the reference
distance S,, may be set to the remaining distance S at the
time when an image of the intersection in the average shape
has a predetermined length in the lateral direction in the
forward image. If an image of an intersection has a some-
what large length in the lateral direction, the lane configu-
ration of the entry road in which images of lanes are
arranged in the lateral direction in the forward image can be
clearly visually recognized. That is, a transition can be made
to the third state when the lane configuration of the entry
road R, can be clearly visually recognized. In addition, the
reference distance S,, may be set to the remaining distance
S at the time when an image of the intersection in the
average shape has a predetermined length in the vertical
direction in the forward image. If an image of an intersection
has a somewhat large length in the vertical direction, an
image of a connected road (exit road R,) other than the
straight road, the width of which is indicated in the vertical
direction of the forward image, can be clearly visually
recognized. That is, a transition can be made to the third state
when the shape of the exit road R, and the exit direction can
be clearly visually recognized. As a matter of course, the
visibility of the guide intersection C is varied in accordance
with the time period (daytime or nighttime) and the weather,
and therefore the distance at which the guide intersection C
can be clearly visually recognized may be determined by
setting the reference distance S, in accordance with the time
period and the weather.

Further, the control section 20, through the function of the
display control section 215, may determine that the degree
of approach is less than the threshold in the case where the
intersection angle A formed in a horizontal plane between
the straight line extending from the vehicle to the registered
position Q and the straight-ahead line F is larger than a
predetermined reference angle. For example, the reference
angle may be set to such an angle that it can be considered
that the guide intersection C is present on the straight-ahead
line F. As illustrated in FIG. 3E, it may be assumed that an
intersection in the average shape is present at the position at
which the distance to the registered position Q is the
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remaining distance S, and the largest angle at which the
straight-ahead line F passes through the intersection in the
average shape may be determined as a reference angle H. In
the example of FIG. 3E, it is assumed that an intersection
having the shape of a circle having a radius of an average
width W of roads is the intersection in the average shape,
and the reference angle H is set such that “sin H=W/S” is
met. Consequently, it is possible to prevent a sense of
discomfort from being given to the driver by providing
guidance on moving straight in the travel direction even if
the guide intersection C cannot be reached if the vehicle
moves straight in the travel direction. In the case of FIG. 3E,
the reference angle H becomes larger as the remaining
distance S becomes shorter. Further, the reference angle H
may be set on the basis of the size of the guide intersection
C, rather than the size of the intersection in the average
shape.

The control section 20, through the function of the degree-
of-approach acquisition section 21a, may acquire a degree of
approach that becomes larger as a required period before an
intersection is reached becomes shorter. For example, the
control section 20 may acquire a value obtained by dividing
the remaining distance S by the vehicle speed as the required
period before an intersection is reached, and determine that
the degree of approach is less than a threshold in the case
where the required period is longer than a reference period.
That is, the control section 20 may determine that the degree
of'approach is equal to or more than the threshold in the case
where the required period is equal to or less than the
reference period. Consequently, guidance on traveling
toward the target position that is present in the travel
direction of the vehicle can be provided when the timing for
the vehicle to reach an intersection is imminent and it is
highly likely that the target position for entry into the
intersection has been decided. The control section 20 may
acquire a required period on the basis of the vehicle speed
based on the output signal from the vehicle speed sensor 42,
or may acquire a required period on the basis of a vehicle
speed limit of the entry road R, indicated by the link data.
The guide image G may be a point-like image, the entirety
of which is superimposed on the set position of superimpo-
sition, or may be a polygonal-line image, a bent point of
which is superimposed on the set position of superimposi-
tion. The guide image G to be superimposed on the forward
scene in the case where the degree of approach is less than
a threshold may be the same in size as, or may be different
in size from, the guide image G to be superimposed on the
forward scene in the case where the degree of approach is
equal to or more than the threshold. For example, the color
or the shape of the guide image G may be varied when a
transition is made from the first state to the third state to
allow recognition of the degree of approach to the guide
intersection C. Further, the color or the shape of the guide
image G may be varied when a transition is made from the
second state to the first state to allow recognition that an
image of the guide intersection C has become visually
recognizable within the forward image.

The registered position Q may not necessarily be a
position registered as the position of an intersection in the
map information 30a, and may be a position that can be
derived on the basis of only data registered in the map
information 30a. For example, the control section 20 may
acquire the width of a connected road connected to an
intersection on the basis of the link data of the map infor-
mation 30a, and derive the registered position Q on the basis
of the width of the connected road. In addition, the registered
position Q may not be a center position of a region in which
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the entry road R, and the exit road R, intersect each other,
and may be a center position D (FIG. 2C) of a region in
which the entry road R, and the exit road R, and opposite
roads, on which vehicles travel opposite to vehicles that
travel on the entry road R, and the exit road R, intersect
each other. In the third state, the control section 20, though
the function of the display control section 21b, may set a
position within the forward scene, which corresponds to any
position on the straight-ahead line F, as the position of
superimposition of the guide image G. For example, the
control section 20 may set a position on the straight-ahead
line F and before an intersection as the position of super-
imposition of the guide image G.

The reference distance S, may be set to a remaining
distance S at which it can be considered that the vehicle has
entered an extended section provided before an intersection
and provided with an extended lane such as a right-turn lane.
This is because the vehicle cannot travel on the extended
lane in a section before the lane extended section even if the
driver recognizes that the target position can be reached by
traveling straight in the extended lane, and the target posi-
tion may not be present on the straight-ahead line F. Alter-
natively, the reference distance S,, may be set to a remaining
distance S at which it can be considered that the vehicle has
entered a section which is provided before an intersection
and in which a lane change is prohibited. Consequently, it is
possible to provide the driver with guidance on maintaining
the current travel direction without making a lane change in
the section in which a lane change is prohibited. Still
alternatively, the reference distance S,, may be set to a
remaining distance S at which it can be considered that an
image of a road sign (arrow) drawn on the road surface
before an intersection to indicate the direction for exit for
each lane can be visually recognized.

In the embodiment, the forward image may be obtained
by drawing a forward scene on the basis of the map
information 30q. In the case where the forward scene is
drawn on the basis of the map information 30q, the guide
image G together with the forward image may be drawn.
Here, superimposing the guide image G on the forward
scene and causing the display 45 to display the forward
scene on which the guide image G is superimposed may
correspond to causing the display 45 to display the guide
image G to result in superimposition of the guide image G
on the forward scene. For example, the display 45 may
display at least the guide image G, and may not display the
forward image. That is, the display 45 may superimpose the
guide image G on the actual forward scene that the driver
visually recognizes over the windshield of the vehicle. For
example, the display 45 may be a semi-transmissive type
that allows the actual forward scene to be seen through the
display 45 so that the guide image G is superimposed on the
actual forward scene. In the case where the actual forward
scene is projected on a semi-transmissive display section,
the projected space K means a space that can be visually
recognized by the driver through the display 45. The angle
formed between the direction of the line of sight of the driver
looking right ahead and the direction of the line of sight of
the driver looking at the left end of the display 45 from the
viewpoint of the driver is determined as the determination
angle A, to the left. Similarly, the angle formed between the
direction of the line of sight of the driver looking right ahead
and the direction of the line of sight of the driver looking at
the right end of the display 45 from the viewpoint of the
driver is determined as the determination angle A, to the
right. In the case where the display 45 is installed at a
position that is horizontally asymmetrical with respect to a
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position right ahead of the driver, the determination angle
A, to the left and the determination angle A, to the right are
different from each other.
The invention claimed is:
1. An intersection guide system comprising:
a memory storing an intersection guide program; and
a processor that, when executing the program:
acquires a distance from a vehicle to an intersection
that is present ahead of the vehicle, a road upon
which the vehicle is approaching the intersection
having a plurality of lanes; and
causes a display to:
superimpose a guide image that provides guidance
on a position of the intersection on a forward
scene ahead of the vehicle, the guide image
including a point that is superimposed on the
position of the intersection and an arrow image
connected to the point; and
display the guide image superimposed on the for-
ward scene;
sets, as a position of superimposition of the point, an
intersection position within the forward scene when
the acquired distance from the vehicle to the inter-
section is more than a threshold, the intersection
position corresponding to a registered position reg-
istered in map information as the position of the
intersection; and
sets, as the position of superimposition of the point, a
straight-line position within the forward scene when
the acquired distance from the vehicle to the inter-
section is equal to or less than the threshold, the
straight-line position corresponding to a position on
a straight-ahead line that is a straight line extending
in a travel direction of the vehicle from the vehicle.
2. The intersection guide system according to claim 1,
wherein the processor, when executing the program:
acquires a projected space corresponding to the forward
scene that is a part of a space ahead of the vehicle and
is projected on the display section; and
sets, as the position of superimposition of the point, an
end position within the forward scene when the
acquired distance from the vehicle to the intersection is
more than the threshold and the registered position is
present on a left side or a right side with respect to the
projected space, the end position corresponding to a
position at a left end or a right end within the projected
space.
3. The intersection guide system according to claim 1,
wherein the processor, when executing the program:
determines that the acquired distance from the vehicle to
the intersection is more than the threshold when a
remaining distance from the vehicle to the intersection
is longer than a predetermined reference distance.
4. The intersection guide system according to claim 1,
wherein the processor, when executing the program:
determines that the acquired distance from the vehicle to
the intersection is more than the threshold when an
angle formed in a horizontal plane between a straight
line extending from the vehicle to the registered posi-
tion and the straight-ahead line is larger than a prede-
termined reference angle.
5. The intersection guide system according to claim 1,
wherein the processor, when executing the program:
determines that the acquired distance from the vehicle to
the intersection is more than the threshold when a
required period before the vehicle reaches the intersec-
tion is longer than a predetermined reference period.
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6. The intersection guide system according to claim 1,
wherein the processor, when executing the program:

causes the display to display a forward image obtained by

capturing the forward scene with an optical axis posi-
tioned on the straight-ahead line; and

sets, as the straight-line position, a position on a bisector

of the forward image in a lateral direction when the
acquired distance from the vehicle to the intersection is
equal to or less than the threshold.

7. The intersection guide system according to claim 2,
wherein the processor, when executing the program:

determines that the registered position is present on the

left side or the right side with respect to the projected
space when an angle formed in a horizontal plane
between a straight line extending from the vehicle to
the registered position and the straight-ahead line is
larger than a predetermined determination angle.

8. An intersection guide method comprising:

acquiring, with a processor, a distance from a vehicle to

an intersection that is present ahead of the vehicle, a
road upon which the vehicle is approaching the inter-
section having a plurality of lanes;

causing, with the processor, a display to display a guide

image that provides guidance on a position of the
intersection superimposed on a forward scene ahead of
the vehicle, the guide image including a point that is
superimposed on the position of the intersection and an
arrow image connected to the point;

setting, with the processor, as a position of superimposi-

tion of the point, an intersection position within the
forward scene when the acquired distance from the
vehicle to the intersection is more than a threshold, the
intersection position corresponding to a registered posi-
tion registered in map information as the position of the
intersection; and

setting, with the processor, as the position of superimpo-

sition of the point, a straight-line position within the
forward scene when the acquired distance from the
vehicle to the intersection is equal to or less than the
threshold, the straight-line position corresponding to a
position on a straight-ahead line that is a straight line
extending in a travel direction of the vehicle from the
vehicle.

9. A non-transitory storage medium storing a computer-
executable intersection guide program, the program com-
prising:

instructions for acquiring distance from a vehicle to an

intersection that is present ahead of the vehicle, a road
upon which the vehicle is approaching the intersection
having a plurality of lanes;

instructions for causing a display to display a guide image

that provides guidance on a position of the intersection
superimposed on a forward scene ahead of the vehicle,
the guide image including a point that is superimposed
on the position of the intersection and an arrow image
connected to the point;

instructions for setting, as a position of superimposition of

the point, an intersection position within the forward
scene when the acquired distance from the vehicle to
the intersection is more than a threshold, the intersec-
tion position corresponding to a registered position
registered in map information as the position of the
intersection; and

instructions for setting, as the position of superimposition

of the point, a straight-line position within the forward
scene when the acquired distance from the vehicle to
the intersection is equal to or less than the threshold, the
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straight-line position corresponding to a position on a
straight-ahead line that is a straight line extending in a
travel direction of the vehicle from the vehicle.
10. The intersection guide method according to claim 8,
further comprising:
acquiring, with the processor, a projected space corre-
sponding to the forward scene that is a part of a space
ahead of the vehicle and is projected on the display
section; and
setting, with the processor, as the position of superimpo-
sition of the point, an end position within the forward
scene when the acquired distance from the vehicle to
the intersection is more than the threshold and the
registered position is present on a left side or a right
side with respect to the projected space, the end posi-
tion corresponding to a position at a left end or a right
end within the projected space.
11. The intersection guide method according to claim 8,
further comprising:
determining, with the processor, that the acquired distance
from the vehicle to the intersection is more than the
threshold when a remaining distance from the vehicle
to the intersection is longer than a predetermined
reference distance.
12. The intersection guide method according to claim 8,
further comprising:
determining, with the processor, that the acquired distance
from the vehicle to the intersection is more than the
threshold when an angle formed in a horizontal plane
between a straight line extending from the vehicle to
the registered position and the straight-ahead line is
larger than a predetermined reference angle.
13. The intersection guide method according to claim 8,
further comprising:
determining, with the processor, that the acquired distance
from the vehicle to the intersection is more than the
threshold when a required period before the vehicle
reaches the intersection is longer than a predetermined
reference period.
14. The intersection guide method according to claim 8,
further comprising:
causing, with the processor, the display to display a
forward image obtained by capturing the forward scene
with an optical axis positioned on the straight-ahead
line; and
setting, with the processor, as the straight-line position, a
position on a bisector of the forward image in a lateral
direction when the acquired distance from the vehicle
to the intersection is equal to or less than the threshold.
15. The intersection guide method according to claim 10,
further comprising:
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determining, with the processor, that the registered posi-
tion is present on the left side or the right side with
respect to the projected space when an angle formed in
a horizontal plane between a straight line extending
from the vehicle to the registered position and the
straight-ahead line is larger than a predetermined deter-
mination angle.
16. The storage medium according to claim 9, the pro-
gram further comprising:
instructions for acquiring a projected space corresponding
to the forward scene that is a part of a space ahead of
the vehicle and is projected on the display section; and
instructions for setting as the position of superimposition
of the point, an end position within the forward scene
when the acquired distance from the vehicle to the
intersection is more than the threshold and the regis-
tered position is present on a left side or a right side
with respect to the projected space, the end position
corresponding to a position at a left end or a right end
within the projected space.
17. The storage medium according to claim 9, the pro-
gram further comprising:
instructions for determining that the acquired distance
from the vehicle to the intersection is more than the
threshold when a remaining distance from the vehicle
to the intersection is longer than a predetermined
reference distance.
18. The storage medium according to claim 9, the pro-
gram further comprising:
instructions for determining that the acquired distance
from the vehicle to the intersection is more than the
threshold when an angle formed in a horizontal plane
between a straight line extending from the vehicle to
the registered position and the straight-ahead line is
larger than a predetermined reference angle.
19. The storage medium according to claim 9, the pro-
gram further comprising:
instructions for determining that the acquired distance
from the vehicle to the intersection is more than the
threshold when a required period before the vehicle
reaches the intersection is longer than a predetermined
reference period.
20. The storage medium according to claim 9, the pro-
gram further comprising:
instructions for causing the display to display a forward
image obtained by capturing the forward scene with an
optical axis positioned on the straight-ahead line; and
instructions for setting as the straight-line position, a
position on a bisector of the forward image in a lateral
direction when the acquired distance from the vehicle
to the intersection is equal to or less than the threshold.
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